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Homolog detection
is just the first step

  The phylogenetic context is critical
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Example 1: Orphan GPCR classification

Step 1:
Run
BLAST
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Is the
query an
FMLP
receptor?

Or a
chemokine
receptor?

Or a C5A
Anaphylatoxin
chemotactic
receptor?

Or…?
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Or a novel
type of

receptor?

Example 2: Errors in database annotations
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The top matching BLAST hits are also
putative odorant receptors

Phylogenetic 
analysis
suggests it’s
more likely
a Biogenic
Amine GPCR
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The phylogenetic context is critical

� For correctness of functional classification

� For identification of critical positions in
molecules

� For structure prediction accuracy

� For detection of errors in database
annotations

Process

� Gather homologs
� Generate a multiple sequence alignment
� Estimate a phylogenetic tree
� Find subfamilies
� Predict function, structure

� Identify homologous PDB structures
� Identify domain structure
� Predict critical positions
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Our toolkit

Bayesian Evolutionary Tree Estimation
(BETE)

Seq5 VERYGK
Seq3 IERYGK
Seq1 LERY-K
Seq4 MDRF-K
Seq2 LDRFPR
Detection of critical
positions

Seq1 LERY-K
Seq2 LDRFPR
Seq3 IERYGK
Seq4 MDRF-K
Seq5 VERYGK

Multiple sequence alignment
(MSA)

Subfamily HMMs
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Phylogenetic tree  &
subfamily
decomposition
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How to build Subfamily HMMs
(SHMMs)

Share statistics between
subfamilies where there
is evidence of a common
distribution.Keep statistics separate
at positions where there
is evidence of divergent
structure.
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Improved specificity, sensitivity,
alignment accuracy

FlowerPower
Iterative clustering and alignment tool
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Step 1: Identify putative homologs to
query sequence (Q)

Q

PSI-BLAST
3 iterations
E-5 cutoff

Step 2: Select initial training set

Q
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Step 3: Align initial set, identify subfamilies,
and build subfamily HMMs.

Q

Step 4: Identify and align new homologs.

Q

1. Search with subfamily and general HMMs.
2. Accept hits above threshhold.
3. Align accepted hits to closest HMM.
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Step 5: Run BETE to identify  subfamilies,
and build new subfamily HMMs.

Q

Step 6: Iterate

QQ
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until …

Q

convergence.

Q
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Domain Structure
Analysis

 

Nck_human
(adapter protein)

ZA70_human
(tyrosine-protein 
kinase)

Common domains are found in proteins of
diverse function and structure

(PFAM domain identification shown)



14

Query:
DB hit:

Functionally important
 region of DB hit

(Domain 2)

Region of homology
(Domain 1)

Knowledge of domain structure is critical
for correct function prediction
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Calcium-activated
K+ channels

Cyclic-nucleotide-
gated K+ channels

Kinases, catabolite
gene activator
protein, PDB
structures
(1CGPA,etc.)

Analysis of clusters plots

c-AMP/c-GMP bindingTransmembrane region

CNG K+ channel HMM positions
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1ICA
Insect Defensin A
Antibacterial protein
Flesh Fly

1MYN

Antimicrobial Protein 1
Common horse chestnut

1BK8

Drosomycin,
Antifungal protein
Fruit Fly

Toxin 2
Mexican scorpion
(Na+ channel inhibitor)

1CN2

Scorpion-toxin-related
SCOP Superfamily

Our user interface
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Plant defensin analysis

Analysis of TIR3

Arabidopsis Thaliana disease-resistance
protein TIR3
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Given a sequence…

Try PFAM
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Gather homologs with PSI-BLAST

NCBI Taxonomy report
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PSI-BLAST ITER1
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PSI-BLAST Iter 2

Alignment of close homologs
TIR3 = 15236051 (Using the Belvu alignment viewer)
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Protein fold prediction using HMMs

Seq1  M    V    V    S    -    -    P
Seq2  M    V    V    S    T    G    P
Seq3  M    V    V    S    S    G    P
Seq4  M    V    L    S    S    P    P
Seq5  M    -    L    S    G    P    P

Delete/skip

Insert

Match

Using UCSC SAM software: ‘modelfromalign foo –alignfile <msa>’ will create an
HMM, ‘foo.mod’.  Failed to find homologous PDB structures with the HMM…



22

Checking the top remote homolog

Do the two sequences agree at critical positions?
Is the alignment local, or global?

Looking at 20091147
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Working up 20091147

Gather homologs, align…
try to identify critical positions

Extending the 20091147 alignment
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Examining the tree: there’s a structure!

Is the PDB structure 1FCH A homologous?
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Close-up of joint alignment

1FCHA

TIR3

1FCHA homologs above red line; TIR3 homologs below red line.
Sequences are all aligned to a subfamily HMM for 1FCH cluster.

The
TPR

SCOP
Super
family
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Closing notes

� Homolog detection is just the first step
� Attention to domain structure is critical
� Phylogenetic inference is key to functional

analysis
� Thanks to:

� David Haussler, Kevin Karplus, Chris Sander
� Barbara Baker, Brian Staskawicz, Richard

Michelmore (Plant Biologist collaborators)
kimmen@uclink.berkeley.edu


